Abstract. MicroRNAs (miRs), a class of non-coding RNAs that are 18-25 nucleotides in length, serve as key regulators in the development and progression of human cancers. Previously, miR-503 has been implicated in breast cancer. However, the underlying mechanism of miR-503 in regulating the proliferation and invasion of breast cancer cells remains largely unknown. In the present study, reverse transcription-quantitative polymerase chain reaction analysis indicated that the expression of miR-503 was significantly reduced in breast cancer tissues compared with their matched adjacent normal tissues. Furthermore, miR-503 expression levels were markedly reduced in T2-T4 stage breast cancer, compared with T1 stage. Insulin-like growth factor 1 receptor (IGF-1R) was further identified as a novel target of miR-503. Overexpression of miR-503 significantly suppressed the protein expression levels of IGF-1R. Furthermore, it inhibited the proliferation and invasion of human breast cancer MCF-7 cells, as assessed by MTT and Transwell assays, respectively. However, restoration of IGF-1R expression markedly ameliorated the suppressive effects of miR-503 overexpression on MCF-7 cell proliferation and invasion, indicating that miR-503 inhibits breast cancer cell proliferation and invasion at least partially via directly targeting IGF-1R. Furthermore, the mRNA and protein expression levels of IGF-1R were demonstrated to be significantly increased in breast cancer tissues compared with their matched adjacent normal tissues. In addition, IGF-1R mRNA expression levels were reversely correlated with miR-503 expression levels in breast tumors, suggesting that the upregulation of IGF-1R may be due to downregulation of miR-503 in breast cancer. In conclusion, the present study expanded the understanding of the regulatory mechanism of miR-503 in breast cancer, and implicates the miR-503/IGF-1R axis as a potential therapeutic target for breast cancer.
Instruction
Breast cancer, the second most common type of cancer worldwide, is the leading cause of cancer mortality in females, accounting for ~15% of all cancer deaths (1) . Deregulation of various oncogenes and tumor suppressors have been demonstrated to serve key roles in the development and progression of breast cancer (2, 3) . Therefore, it is urgently required to investigate the underlying molecular mechanisms to help develop more effective therapeutic strategies for breast cancer patients.
Growth and metastasis of breast cancer are closely associated with deregulation, mutation and epigenetic mechanisms of certain genes, including microRNAs (miRs) (2) (3) (4) (5) . miRs are a class of non-coding RNAs that are 18-25 nucleotides in length, and serve as regulators of gene expression via directly binding to the 3'-untranslational region (UTR) of their target mRNAs, which causes mRNA degradation or translation inhibition (6, 7) . Through mediation of their targets, miRs serve important regulatory roles in a variety of biological processes, including cell survival, proliferation, differentiation, cell cycle progression, migration and invasion (7, 8) . In recent years, evidence on the roles of miRs in breast cancer have widely been reported. Among these miRs, miR-503 was originally reported to be involved in inflammatory breast cancer, a rare but very aggressive form of breast cancer with a particular phenotype (9) . Long et al (10) further demonstrated that miR-503 was markedly downregulated in breast cancer, and overexpression of miR-503 suppressed the proliferation of breast cancer cells through inducing G0/G1 cell cycle arrest by targeting cyclin D1, suggesting that miR-503 serves as a tumor suppressor in breast cancer. Furthermore, Polioudakis et al (11) suggested that miR-503 was a negative regulator of proliferation in primary breast cancer cells via targeting DDHD domain containing 2. However, the molecular mechanism of miR-503 in the regulation of breast cancer growth and metastasis remains largely unknown.
Insulin-like growth factor 1 receptor (IGF-1R), a member of the IGF receptor family, directly binds to IGF and activates the downstream signaling pathway, and is involved in the malignant transformation by promoting cell survival and -503 inhibits the proliferation and invasion of breast  cancer cells via targeting insulin-like growth factor 1 receptor   JINGWANG YAN  1 , YONGHUAN XU  2 , HAIPENG WANG  1 , TAIPING DU  1 and HAO CHEN inhibiting cell apoptosis (12) (13) (14) . It has been demonstrated to be significantly upregulated in breast cancer (15, 16) . Furthermore, IGF-1R has been demonstrated to promote the growth and metastasis of breast cancer (17) . IGF-1R has been developed into an important therapeutic target for breast cancer (18, 19) . Lentivirus-mediated short-hairpin RNA targeting IGF-1R has been demonstrated to inhibit growth and lymphangiogenesis in breast cancer (19) . However, the regulatory mechanism of IGF-1R expression remains largely unclear; investigating this may facilitate the development of effective therapeutic strategies for breast cancer treatment. Therefore, the present study aimed to investigate the underlying molecular mechanism of miR-503 in regulating the proliferation and invasion of breast cancer cells.
MicroRNA

Materials and methods
Tissue specimen collection. The present study was approved by the Ethical Committee of Xinxiang Center Hospital (Xinxiang, China). A total of 23 breast cancer tissues and 23 matched adjacent normal tissues were obtained from June 2013 to March 2014 at the Department of Gynecology and Obstetrics, Xinxiang Center Hospital. All female patients were diagnosed as having primary breast cancer and ranged in age from 33 to 67 years, with a mean age of 51.5 years. Patients received no chemotherapy or radiotherapy prior to surgical resection. Written consents were obtained from the patients in this study. All tissues were immediately snap-frozen in liquid nitrogen after surgical removal, and stored at -80˚C until further use.
Immunohistochemical staining. The expression of IGF1R was evaluated using immunohistochemical staining. Sections (4-µm thick) were deparaffinized and subjected to heat-induced antigen retrieval using citrate buffer for 22 min using a microwave oven. Then the sections were incubated with a primary antibody against IGF1R (1:100; cat. no. ab39675, Abcam, Cambridge, MA, USA) at 4˚C for 24 h. Subsequently, the sections were incubated with HRP conjugated goat-anti-rabbit IgG (1:5,000; cat. no. ab6721; Abcam) for 60 min at room temperature. The reaction was developed using diaminobenzidine (DAB) and counterstained with hematoxylin, and observed under a CX23 microscope (Olympus Corporation, Tokyo, Japan).
Cell culture. The MCF-7 human breast cancer cell line was purchased from the Cell Bank of Chinese Academy of Sciences (Shanghai, China). Cells were cultured in Dulbecco's modified Eagle's medium (DMEM; Thermo Fisher Scientific, Inc., Waltham, MA, USA) supplemented with 10% fetal bovine serum (FBS, Thermo Fisher Scientific, Inc.) at 37˚C in a humidified incubator containing 5% CO 2 .
Reverse transcription quantitative polymerase chain reaction (RT-qPCR). Total RNA of tissues and cells was extracted using TRIzol ® Reagent (Thermo Fisher Scientific, Inc.), according to the manufacture's protocol. A total of 500 ng RNA was converted into cDNA using a Reverse Transcription kit (Thermo Fisher Scientific, Inc.), according to the manufacture's protocol. Reverse transcription was performed at 16˚C for 30 min, followed by incubation at 42˚C for 30 min and enzyme inactivation at 85˚C for 5 min. For miR-503 expression detection, a miRNA qPCR Detection kit (GeneCopoeia, Inc., Rockville, MD, USA) was then used for PCR on an ABI 7500 thermocycler system (Thermo Fisher Scientific, Inc.), according to the manufacture's protocol. For mRNA expression detection, SYBR Green qPCR Master mix (Bio-Rad Laboratories, Inc., Hercules, CA, USA) was used for PCR. The following primers were used: Forward, 5'-ATG CTG ACC TCT GTT ACC TCT-3' and reverse, 5'-GGC TTA TTC CCC ACA ATG TAG TT-3' for IGF-1R; and forward, 5'-CCA CTA GGC GCT CAC TGT T-3' and reverse, 5'-TGG AAT TTG CCA TGG GTG GA-3' for GAPDH. The following thermocycling conditions were used: initial denaturation at 95˚C for 5 min followed by 40 cycles of denaturation at 95˚C for 15 sec, and annealing/elongation at 60˚C for 30 sec. The U6 gene served as an internal reference. This experiment was repeated for 3 times. The relative expression was analyzed by the 2 -ΔΔCq method (20) .
Western blot analysis. Cells were solubilized in cold radioimmunoprecipitation lysis buffer (Thermo Fisher Scientific, Inc.). The protein was extracted by centrifugation at 12,000 x g for 20 min at 4˚C. The concentration of protein was determined using BCA Protein Assay kit (Pierce; Thermo Fisher Scientific, Inc.). Proteins (50 µg/lane) were separated by 10% SDS-PAGE and subsequently transferred onto a polyvinylidene difluoride membrane (Thermo Fisher Scientific, Inc.). The membrane was incubated with PBS containing 5% milk overnight at 4˚C, which was then incubated with mouse anti-IGF-1R (1:200) and mouse anti-GAPDH (1:100, cat. no. ab8245, Abcam) monoclonal antibodies at room temperature for 3 h. After three washes with PBS, the membrane was incubated with a rabbit anti-mouse secondary antibody (1:10,000, cat. no. ab6728, Abcam) at room temperature for 1 h. Chemiluminescent detection was conducted using an Enhanced Chemiluminescence kit (Pierce; Thermo Fisher Scientific, Inc.), according to the manufacturer's protocol.
Transfection. Lipofectamine
™ 2000 (Thermo Fisher Scientific, Inc.) was used to perform cell transfection, according to the manufacturer's protocol. For miR-503 and IGF-1R function analysis, MCF-7 cells were transfected with negative control miR (miR-NC), miR-503 mimic or miR-503 inhibitor, all purchased from Thermo Fisher Scientific, Inc., or co-transfected with miR-503 mimic and IGF-1R plasmid (purchased from Amspring, Changsha, China).
MTT assay. To examine cell proliferation, 2x10 4 MCF-7 cells in each group were cultured in a 96-well plate, in which 100 µl DMEM containing 0.5 g/l MTT (Thermo Fisher Scientific, Inc.) was added to each well. Cells were then cultured for 12, 24, 48 or 72 h. The medium was removed, and 50 µl dimethyl sulfoxide (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) was added. After incubation at 37˚C for 10 min, the A570 of each sample was measured at a wavelength of 570 nm using a plate reader (TECAN Infinite M200, Tecan Group Ltd., Männedorf, Switzerland). Control cells were treated with DMSO only. Cell invasion assay. Transwell chambers (BD Biosciences, Franklin Lakes, NJ, USA) pre-coated with Matrigel (BD Biosciences) were used to perform the Transwell assay, evaluating cell invasion. The cell suspension (2x10 5 cells/ml) was prepared in DMEM, following which 300 µl cell suspension was added into the upper chamber, and 400 µl DMEM supplemented with 10% FBS was added into the lower chamber. Following incubation at 37˚C in a humidified incubator containing 5% CO 2 for 24 h, a cotton-tipped swab was used to carefully wipe out the cells that did not invade through the membrane in the filter, and the filter was then fixed in 90% alcohol. Cells were stained with 0.1% crystal violet (Sigma-Aldrich; Merck KGaA). The number of invading cells was determined under a CX23 microscope.
Dual luciferase reporter assay. The mutant type (MUT) IGF-1R 3'UTR lacking the binding sequences of miR-503 was constructed using the Directed Mutagenesis kit (Agilent Technologies, Inc., Santa Clara, CA, USA), in accordance with the manufacturer's protocol. The wild type (WT) IGF-1R 3'UTR containing the binding sequences of miR-503 was constructed using PCR. The WT or MUT IGF-1R 3'UTR was then subcloned into the downstream of the Renilla luciferase gene in the psiCHECK-2 vector (Promega Corporation, Madison, WI, USA). MCF-7 cells were cultured to 70% conflue nce, and Lipofectamine 2000 was used to co-transfect MCF-7 cells with psiCHECK-2 WT IGF-1R 3'UTR vector or psiCHECK-2 MUT IGF-1R 3'UTR, and miR-503 mimic or miR-NC, respectively. At 48 h post-transfection, the luciferase activity was measured using the Dual-Luciferase Reporter Assay system (Promega Corporation) on an Lmax multiwell luminometer (Molecular Devices, LLC, Sunnyvale, CA).
Statistical analysis. All data are presented as the mean ± standard deviation of at least three samples. SPSS version 17.0 software (SPSS, Inc., Chicago, IL, USA) was used to perform statistical analysis. Differences were analyzed using Student's t-test or one-way analysis of variance followed by Tukey's post hoc test. The correlation between the miR-503 and IGF-1R mRNA expression was analyzed using Pearson correlation analysis. P<0.05 were considered to indicate a statistically significant difference.
Results
miR-503 is significantly downregulated in breast cancer.
To reveal the role of miR-503 in breast cancer, the expression level of miR-503 in breast cancer tissues and their matched adjacent normal tissues was examined (n=23/group). RT-qPCR analysis demonstrated that the expression of miR-503 was significantly reduced in breast cancer tissues compared with their matched adjacent normal tissues (Fig. 1A) . Furthermore, miR-503 expression levels were markedly reduced in T2-T4 stage breast cancer (n=17) compared with T1 stage breast cancer (n=6; Fig. 1B) , suggesting that downregulation of miR-30-5p is involved in the malignant progression of breast cancer.
IGF-1R is a target gene of miR-503 in MCF-7 cells.
The targets of miR-503 were further analyzed using bioinformatics analysis, and IGF-1R was revealed to be a putative target of miR-503 ( Fig. 2A) . Moreover, the predicated targeting relationship between miR-503 and IGF-1R was evolutionally conserved (Fig. 2B) . To verify this predication, the luciferase reporter vectors containing the WT and MUT of IGF-1R 3'-UTR were constructed ( Fig. 2C and D) . The luciferase reporter assay demonstrated that the luciferase activity was significantly decreased in MCF-7 cells co-transfected with miR-503 mimic and the luciferase reporter vector containing the WT IGF-1R 3'UTR, but unaltered in MCF-7 cells co-transfected with miR-503 mimic and the luciferase reporter vector containing the WT IGF-1R 3'UTR, compared with the control group (Fig. 2E) . Therefore, IGF-1R is a direct target gene of miR-503 in MCF-7 cells. As miRs negatively regulate the expression of their target genes, the effects of miR-503 on the expression of IGF-1R in MCF-7 cells were investigated. MCF-7 cells were transfected with an miR-503 mimic or inhibitor. Following transfection, RT-qPCR was conducted to examine miR-503 levels.
Transfection with miR-503 led to a significant increase in miR-503 levels (Fig. 3A) , whereas transfection with an miR-503 inhibitor markedly reduced miR-503 levels (Fig. 3B) , compared with the control group. It was further observed by western blotting that overexpression of miR-30-5p significantly decreased the protein expression levels of IGF-1R, whereas knockdown of miR-503 markedly enhanced the protein expression levels of IGF-1R in MCF-7 cells, compared with the control group (Fig. 3C) . However, neither miR-503 overexpression nor miR-503 inhibition affected the mRNA expression levels of IGF-1R in MCF-7 cells (Fig. 3D) . Therefore, miR-503 may negatively regulate the expression of IGF-1R at the post-transcriptional level.
miR-503 inhibits the proliferation and invasion of MCF-7 cells via directly targeting IGF-1R.
The role of miR-503 in the regulation of MCF-7 cell proliferation and invasion was further investigated. MTT assay was conducted to examine cell proliferation. Overexpression of miR-503 markedly inhibited MCF-7 cell proliferation compared with the control group, indicating that miR-503 may inhibit the proliferation of breast cancer cells (Fig. 4A) . Furthermore, a Transwell assay was performed to examine cell invasion. As presented in Fig. 4B , overexpression of miR-503 significantly suppressed MCF-7 cell invasion compared with the control group. Therefore, miR-503 may serve a suppressive role in regulating the proliferation and invasion of breast cancer cells.
IGF-1R, an oncogene of breast cancer, was demonstrated to be a direct target of miR-503, and its protein expression was negatively regulated by miR-503 in MCF-7 cells, it was hypothesized that IGF-1R may be involved in miR-503-mediated proliferation and invasion of MCF-7 cells. MCF-7 cells were transfected with miR-503 mimic, or co-transfected with miR-503 mimic and IGF-1R plasmid. Following transfection, the protein expression levels of IGF-1R in each group were examined, and those of IGF-1R were significantly increased in the miR-503+IGF-1R group compared with the in the miR-503 mimic group (Fig. 4C) , indicating that transfection of IGF-1R plasmid reversed the suppressive effect of the miR-503 mimic on the protein expression of IGF-1R in MCF-7 cells. MTT and Transwell assays were then conducted to examine the cell proliferation and invasion in each group. As presented in Fig. 4D and E, the proliferation and invasion of MCF-7 cells were significantly increased in the miR-503+IGF-1R group compared with the miR-503 group, suggesting that miR-503 inhibits the proliferation and invasion of MCF-7 cells at least partially via directly targeting IGF-1R.
IGF-1R is upregulated in breast cancer and is reversely correlated with miR-503 expression levels. Finally, mRNA levels of IGF-1R in breast cancer tissues and their matched adjacent normal tissues were examined. Immunohistochemical staining and RT-qPCR indicated that the protein (Fig. 5A) and mRNA (Fig. 5B) expression levels of IGF-1R were significantly increased in breast cancer tissues compared to their matched adjacent normal tissues. Furthermore, a reverse correlation was identified between miR-503 and IGF-1R mRNA expression levels in breast cancer tissues (Fig. 5C ). Taken together, these data suggested that the downregulation of miR-503 may contribute to the upregulation of IGF-1R, which promotes the malignant progression of breast cancer.
Discussion
miR-503 has been demonstrated to inhibit the proliferation of breast cancer cells. However, evidence on the underlying molecular mechanisms of miR-503 in regulating breast cancer cell proliferation and invasion is limited. The present study demonstrated that miR-503 is significantly downregulated in breast cancer tissues compared with their matched adjacent normal breast tissues. Furthermore, miR-503 expression levels were markedly reduced in T2-T4 stage breast cancer, compared with T1 stage. Further investigation suggested that miR-503 may inhibit the proliferation and invasion of MCF-7 breast cancer cells, at least partially via suppressing the protein expression levels of IGF-1R, a direct target gene of miR-503, which is significantly upregulated in breast cancer tissues.
Recently, miR-503 has been demonstrated to be involved in the development and progression of human malignancies, and serves as an oncogene or a tumor suppressor according to different cancer types. For instance, the expression levels of miR-503 are significantly increased in glioma and squamous cell carcinoma of head and neck and esophagus (21, 22) , but decreased in anaplastic thyroid carcinomas and non-small cell lung cancer (23, 24) . Inhibition of miR-503 expression inhibits the growth of glioma cells by targeting septin 7 and PR domain zinc finger protein 1, indicating that it serves an oncogenic role in glioma (25, 26) . In contrast, overexpression of miR-503 inhibits cell proliferation, invasion and migration, but induces the apoptosis in hepatocellular carcinoma (HCC) cells, suggesting a tumor suppressive role of miR-503 in HCC (27) . Furthermore, upregulation of miR-503 inhibits cell proliferation but induces apoptosis in colorectal cancer cells by targeting denticleless protein homolog (28) . Therefore, the precise role of miR-503 is tumor-specific, and thus revealing its function in different cancer types may be important for the development of tumor-specific target therapy.
Recently, miR-503 was reported to serve a role in breast cancer. The thyroid hormone T3 was found to enhance the expression of miR-503 in breast cancer cells expressing the thyroid hormone receptor, and overexpression of miR-503 further inhibited the invasion of breast cancer cells (29) . Furthermore, miR-503 was demonstrated to be downregulated in breast cancer tissues and cells, and inhibited the proliferation of breast cancer (10, 11) . The present study also revealed a significant decrease of miR-503 expression in breast cancer tissues compared with their matched adjacent normal tissues. Additionally, its levels were markedly reduced in the T2-T4 stage of breast cancer compared with the T1 stage, suggesting that its downregulation is associated with the malignant progression of breast cancer. Furthermore, overexpression of miR-503 caused a significant decrease in MCF-7 cell proliferation and invasion, suggesting that miR-503 may have inhibitory effects on the growth and metastasis of breast cancer in vivo, which requires verification in future studies.
The present study further investigated the potential target of miR-503, which may serve as a downstream effecter involved in miR-503-mediated breast cancer cell proliferation and invasion. A luciferase reporter assay revealed that IGF-1R was a direct target gene of miR-503 in MCF-7 cells, and that the expression of IGF-1R was negatively regulated by miR-503 at the post-transcriptional level in MCF-7 cells. IGF-1R serves an oncogenic role in tumorigenesis and cancer progression, even in the absence of the ligand and kinase activity (13) . The present study demonstrated that overexpression of IGF-1R significantly reversed the suppressive effects of miR-503 on the proliferation and invasion of MCF-7 cells, suggesting that miR-503 inhibited MCF-7 cell proliferation and invasion via directly targeting IGF-1R. It has been reported that inhibition of IGF-1R effectively suppresses proliferation and induces apoptosis in breast cancer (30) , and increased IGF-1R expression during neoadjuvant therapy predicts poor outcome in breast cancer patients (31) . Consistent with this, the present study revealed that the mRNA and protein expression levels of IGF-1R were significantly increased in breast cancer tissues compared with their matched adjacent tissues, and its mRNA expression levels were inversely correlated with miR-503 levels in breast cancer tissues, suggesting that the downregulation of IGF-1R may contribute to the upregulation of miR-503 in breast cancer.
In conclusion, the present study demonstrated that miR-503 is significantly downregulated in breast cancer, has suppressive effects on the proliferation and invasion of breast cancer cells, at least partially via directly targeting IGF-1R, highlighting the importance of miR-503/IGF-1R axis in the malignant progression of breast cancer. These results implicate miR-503/IGF-1R as a potential therapeutic target for breast cancer.
